Abstract-This study examined whether age disparities existed across postdischarge quality indicators (QIs) for veterans with ischemic stroke who received care at Department of Veterans Affairs medical centers (VAMCs). This retrospective cohort included a national sample of 3,196 veterans who were diagnosed with ischemic stroke and received acute and postdischarge stroke care at 127 VAMCs in fiscal year 2007 (10/1/06 through 9/30/07). Data included an assessment of postdischarge stroke QIs in the outpatient setting during the 6 mo postdischarge. The QIs included measurement of and goal achievement for (1) blood pressure, (2) serum international normalized ratio (INR) for all patients discharged on warfarin, (3) cholesterol (low-density lipoprotein [LDL]) levels, (4) serum glycosylated hemoglobin, and (5) depression treatment. The mean age for the 3,196 veterans included in this study was 67.2 +/-11.3 yr. Before risk adjustment, there were age differences in (1) depression screening/treatment, (2) blood pressure goals, and (3) LDL levels. After we adjusted for patient sociodemographic, clinical, and facility-level characteristics by using hierarchical linear mixed modeling, none of these differences remained significant but INR goals for patients discharged on warfarin differed significantly by age. After we adjusted for patient and facility characteristics, fewer age differences were found in the postdischarge stroke QIs. Clinical trial registration was not required.
INTRODUCTION
Older age is one of the most common nonmodifiable risk factors for ischemic stroke [1] . Approximately two-thirds of all strokes occur in those over 65 yr [1] .
However, recent research found that stroke rates are increasing in younger patients compared with older patients [2] . Robust evidence supports the application of a variety of poststroke interventions for the prevention of recurrent vascular events (e.g., hypertension management) across the spectrum of age groups [3] . Although older patients derive as much, if not more, benefit from acute stroke treatments and prevention strategies (e.g., warfarin and thrombolysis) than younger patients [4] [5] [6] , some studies have found that older stroke patients are less likely to receive interventions than younger patients [7] [8] [9] . A few studies have examined age disparities in stroke management. A Canadian study found that rates of antiplatelet and warfarin for atrial fibrillation at discharge were similar across age groups [10] . On the other hand, individuals in the older age groups (60-69, 70-79, and 80 yr) were significantly more likely than their younger counterparts to be discharged with antihypertensive treatment. A separate study found that older individuals (85+ yr) were less likely to receive secondary prevention (e.g., documented measure of blood cholesterol) [11] . Using a nationally representative telephone self-report survey to explore disparities in 11 stroke secondary prevention services (e.g., serum glycosylated hemoglobin [HbA1c] measurement; serum cholesterol measurement), Ross and colleagues reported that individuals younger than 65 were less likely than those 65-79 to report receipt of recommended services (e.g., serum cholesterol measurement) [12] . Still yet a separate study found that the oldest hypertension patients, despite worse blood pressure control, were being treated less aggressively with fewer medications than their younger counterparts [13] . In sum, some previous studies have found age differences in the process of care, but whether the same differences exist in Department of Veterans Affairs (VA) stroke care is unclear.
Recent data indicate that the Veterans Health Administration (VHA) treats a sizable number of veterans with stroke in the ambulatory care setting. In the United States, approximately 7 million individuals have experienced a stroke. Each year, nearly 795,000 people experience a new or recurrent stroke. In the VHA for 2007, nearly 6,000 veterans were admitted to a VA facility with a primary discharge diagnosis of ischemic stroke and more than 61,000 unique patients had an outpatient visit with stroke listed as the primary diagnosis [2] .
The VHA is the largest healthcare system in the United States and has a record of providing high-quality care; however, little data are available regarding the existence of age differences in postdischarge stroke care quality. The purpose of this study was to examine whether age differences exist in performance on postdischarge stroke care quality indicators (QIs) among VHA stroke survivors. VHA traditionally has not dealt with the frontline care of stroke victims and tends to treat stroke patients in the rehabilitation setting.
METHODS

Materials and Patients
The data were obtained from a retrospective cohort of veterans who were admitted to a VA medical center (VAMC) with an ischemic stroke during fiscal year 2007 (October 1, 2006-September 30, 2007). Medical record review was performed on a sample of 5,000 patients; the sample was constructed by including 100 percent of patients from smaller volume medical centers and an 80 percent sample from larger volume medical centers. Patients were excluded if they were admitted for elective carotid endarterectomy, admitted only for poststroke rehabilitation, initially admitted for a nonstroke condition when the ischemic stroke event occurred, or admitted to a VAMC that did not use the VHA electronic medical record system. The original cohort included 3,965 patients (from 129 VAMCs) who were eligible for at least one inpatient QI. For the current study, we excluded veterans who died in the hospital, were readmitted within 30 d, died within 30 d, or left the hospital against medical advice, yielding a total sample size of 3,196 patients at 128 VAMCs. Note that numbers for exclusions are not mutually exclusive.
Quality Indicators
We examined five discharge QIs. By design, eligibility for each of these QIs was restricted to patients who had received postdischarge stroke care in the outpatient setting within 6 mo. No standard protocol exists for postacute stroke care across the system. The types of procedures performed on the patients over this 6 mo period involved many factors of consideration (e.g., patient's condition including physical and mental deficits, availability and accessibility of services) and are done at the discretion of the provider. These QIs included both the measurement and achievement of the following goals: (1) blood pressure of <140/90 mm Hg for patients without diabetes or kidney disease and <130/80 mm Hg for patients with diabetes or kidney disease; (2) serum international normalized ratio (INR) measurement of between 2 and 3 inclusive for patients discharged on warfarin; (3) low-density lipoprotein (LDL) cholesterol <100 mg/dL for all patients; (4) HbA1c <8 percent for patients with diabetes (or patients who had HbA1c of 7% or greater during stroke hospitalization without a previous history of diabetes); and (5) depression screening and, for those with a positive screen, appropriate management through counseling and/or pharmacologic treatment. Each of these five QIs was measured as the proportion of eligible patients in the designated age appropriately managed per QI specifications [1] . When patients had multiple outpatient visits during the 6 mo after discharge, the last measurement was selected for analysis.
Independent Variable
Patient age was based on chart review and measured in years and calculated by subtracting each patient's date of birth from the date of stroke diagnosis, then dividing by 365.25 d. Age was classified as an ordinal variable consisting of five categories: <55, 55-64, 65-74, 75-84, and 85 yr.
Patient and Facility Characteristics
The following patient characteristics were considered potential confounders and were included in the risk adjustment for the final model that examined whether age was associated with the five postdischarge QIs: sex, race, marital status, medical comorbid conditions, stroke severity, overall patient disease severity, discharge destination, prestroke residence, and admission code status. Race was classified as African American, non-Hispanic white, and all others. Marital status was coded as married versus all others. The Charlson Comorbidity score was included as a measure of medical comorbidity [14] . The retrospective National Institutes of Health Stroke Scale (rNIHSS) [15] was used as an adjustment for stroke severity and was categorized as mild (NIHSS 2), moderate (NIHSS 3-9), and severe (NIHSS 10). The admission modified Acute Physiology and Chronic Health Evaluation III was used to adjust for the overall patient disease severity [16] . Admission code status was classified as full code (i.e., do not resuscitate or do not intubate) versus other. Prestroke residence was classified as home versus all other. Discharge disposition was classified as home versus all other settings. We also controlled for the clustering effect of the VA facilities.
Statistical Analysis
We compared patients' demographic and clinical characteristics across the five age categories by using chi-square tests for categorical variables and analysis of variance or Kruskal-Wallis tests for continuous variables. The probability values indicate a test for increasing or decreasing trends across age groups. The performance on each QI measure was compared among age groups with risk-adjustment for patient sociodemographic, clinical, and facility-level characteristics (as described) using hierarchical generalized linear modeling. All tests were two-tailed and p < 0.05 was considered significant. All statistical analyses were performed using SAS version 9.2 (SAS Institute Inc; Cary, North Carolina). Table 1 presents the characteristics of the cohort by age group. Among the 3,196 veterans, 12.2 percent were <55 yr of age, 35.8 percent were 55-64, 22.0 percent were 65-74, 23.1 percent were 75-84, and 7.0 percent were 85. Stroke severity increased substantially with age, with 5.1 percent of patients in the youngest group versus 13.5 percent in the oldest group having an rNIHSS 10 (p < 0.001). Table 2 shows the unadjusted results for each individual postdischarge QI by age categories. Overall QI performance rates varied widely (from 33.2% for screening and treatment for depression to 61.8% for LDL goal achievement). Three QIs had significant differences between the age groups: treatment of depression was higher for veterans <55 yr than for older veterans (p < 0.05) and LDL goal achievement was lower for veterans <55 yr than for their older counterparts (p < 0.05). Blood pressure goal achievement was lower for veterans 55-64 yr than for veterans 75-84 yr. Table 3 presents the adjusted odds ratios (ORs) for postdischarge QI scores. We used the age <55 group as a reference category. After patient and facility characteristics were adjusted for, postdischarge INR control was substantially higher for veterans 85 yr or older than for those <55 yr (OR = 5.6, 95% confidence interval = 1.2-27.0, p = 0.03). 
RESULTS
DISCUSSION
In this nationally representative sample of VHA ischemic stroke survivors, several age-related differences in postdischarge QIs were found in unadjusted analysis; however, after adjustment for key sociodemographic, clinical, and facility-level characteristics, only one difference in performance on postdischarge QIs remained. Postdischarge INR control was substantially higher for veterans 85 yr of age and older. Neither the unadjusted nor the adjusted results demonstrated a consistent decrement in quality with increasing age, but rather some processes of care were provided more often to older patients (i.e., LDL goal achievement) whereas other processes were provided more often to younger patients (i.e., treatment of depression and blood pressure goal achievement). The age difference for postdischarge INR control was inconsistent with previous studies, which found that stroke patients with atrial fibrillation discharged on warfarin either did not differ by age [10, 17] or postdischarge INR control was lower in older patients (aged 80 and older) than younger patients [1] . Because the number of patients in the study who had atrial fibrillation and were eligible for this QI in the age 80 and older category was Table 2 .
6 mo postdischarge quality indicators (QIs) for veterans with ischemic stroke by age group (unadjusted). Data shown as n (%). so small, this result may be due to chance. It is also possible that older people on warfarin were more carefully monitored, given the concern for bleeding. Even though our study was not designed to evaluate the appropriateness of anticoagulation decision making, our findings suggest follow-up questions that future research should explore. Future research should investigate the association between the frequency of INR monitoring and outcomes such as readmissions for either thromboembolic events (e.g., stroke) or hemorrhagic events (e.g., gastrointestinal bleeds). Some study limitations deserve mention. First, as a result of the clinical context of the VHA, the study sample of ischemic stroke patients was overwhelmingly male (97.5%) and may not be generalizable outside the VHA. Second, we had no available data on use of non-VHA care; Medicare-eligible veterans, most of whom were 65, may have been more likely than younger veterans to have received some of their care outside the VA. As a previous report indicated, 70 percent of VHA stroke patients also received some poststroke care from non-VHA healthcare programs, including 60 percent VHAMedicare dual system users, 3 percent VHA-Medicaid dual system users, and 7 percent VHA-Medicare-Medicaid triple system users [18] . Future research should consider VHA stroke patients' service use beyond the VHA system in order to obtain a more comprehensive evaluation of stroke patients. Third, adherence to medical appointments and medications may be associated with outcomes of these interventions. As a result of the limitations of the data set, we were unable to control for patient adherence (e.g., the extent to which patients were able to keep their regularly scheduled appointments) in the multivariate models. Future studies should further explore the association between the visits and adherence between discharge and 6 mo. Future research should also investigate the extent to which adherence to visits is associated with patient age, which, in turn, could affect whether or not patients received postdischarge stroke care in the outpatient setting. Fourth, VHA does not deal with the frontline care of most stroke victims. Such care tends to occur in each community's emergency medical services and trauma care system. After stabilization, the patient is transferred to the VHA facility nearby. This lack of first contact for many veterans with stroke and possible transfer trauma could significantly affect the outcomes of these patients' recoveries. Future research should investigate the extent to which this transition of care impacts future VHA care, especially in a rehabilitation setting.
Despite these limitations, our study makes an important contribution to the literature in at least two ways. First, our study had an admission rNIHSS on all study participants, enabling the adjustment for stroke severity as a key covariate in understanding the relationship between age and quality of care. In the present study, patient stroke severity and comorbidities were the two variables that consistently accounted for the differences between the unadjusted and adjusted findings. Previous studies either did not control for stroke severity [12] or did not have stroke severity uniformly available and consequently could not adjust for stroke severity in the entire cohort [1] . Second, in contrast to some previous studies that depended exclusively on patients' self-report [4] , the present study included actual clinical data collected during medical encounters and abstracted from medical charts.
CONCLUSIONS
In sum, after we adjusted for a comprehensive set of patient and facility characteristics, overall postdischarge quality for ischemic stroke in VHA did not vary consistently by age. However, the few differences that emerged from this study should encourage the VHA to maintain awareness about possible age disparities. Stroke management should be guided by the best clinical evidence and guidelines irrespective of age.
